Obesity is a global health concern. This is the first study to explore if the relationship between body fatness and time preference is consistent across different ways of objectively measuring body fatness. Our second aim is to explore if there are differential associations between educational attainment and being a saver to determine if education can be used to change saving behaviour and subsequently body fatness. This paper uses data on 15,591 individuals from 2010/2011 of the Understanding Society Survey (UK) to explore the relationship between time preference, measured as being a saver and three objective measures of body fatness: BMI, percent body fatness (PBF), and waist circumference (WC). Our findings show that there is a negative relationship between the three measures of body fatness and being a saver. The strongest relationship is found for WC and being a saver for both genders. Overall, a stronger association is found for women than men. Our results suggest that differential effects by educational attainment can be found in the relationship between being a saver and body fatness.
population is classified as obese (NHS Information Centre for Health and Social Care 2013).
Obesity is prevalent across all social classes in the UK. However, women from lower socioeconomic groups are at a greater risk of being obese. For men, the relationship between socioeconomic status and obesity is less clear cut (Public Health England 2013) .
Time preference is a concept that reflects the degree of impatience of an individual. In the seminal model of the demand for health proposed by Grossman (1972) , health behaviours are modelled as investments in health. Choices regarding how much to invest in health can be thought of as being made to maximise expected discounted utility over the lifetime. Individuals with a higher time preference rate (i.e. those who are more impatient) may be less likely to invest in activities with low levels of instant gratification such as exercise and healthy eating that help to promote a healthy weight.
Fuchs (2004) suggested that factors related to socio-economic status, such as education, may be correlated with time preference. Individuals with lower rates of time preference may be more likely to stay in school or, alternatively, it is possible that additional years of schooling lower time preference rates. Following on from this, those with higher time preference rates may be in lower socioeconomic groups and choose to invest less in health leading to worse health outcomes. This may partially explain health inequalities. This paper has two main aims. Firstly, to explore if the relationship between time preference and body fatness is consistent across three objective measures of body fatness: Body Mass Index (BMI), waist circumference (WC), and Percent Body Fatness (PBF). Using objective measures of body fatness eliminates all of the biases caused by self-reported measures. There is some evidence that BMI may not be an accurate measure of body fatness (Burkhauser and Cawley 2008) as it does not separate fat from fat free mass. WC and PBF are more accurate representations of the health risks associated with excess weight (Prentice and Jebb 2001; Ashwell et al. 2012) .
The second aim is to explore differential effects on the relationship between educational attainment, savings, and the three body fatness measures. If the relationship between education and savings is not consistent across different levels of educational attainment, interventions related to education may alter time preference, measured by the savings rate, and subsequently body fatness. According to Lusardi and Mitchell (2014) both general knowledge (education) and more specialised knowledge (financial literacy) contribute to better financial decisionmaking strategies that result in higher savings, our proxy. If general education and financial education impact on individual perceptions of the future, this may also change behaviour related to investments in future health and subsequently health outcomes such as body fatness.
A potential association between time preferences and health, particularly strong for specific socioeconomic groups, may be a significant contributing factor to health inequalities (Guthrie et al., 2009 ). In the UK, such inequalities continue to widen (Marmot, 2010) , even in the presence of a well-established welfare state, universal access to free health care and advances in public health practice. Holistic public health policies aiming to modify more general behaviours, not directly linked to health, might be needed to tackle the well documented socioeconomic obesity inequalities (Zaninotto et al. 2009; Zhu et al. 2015) . If there are differential effects across educational levels on the relationship between education and savings on body fatness outcomes, this may be one target area that has been overlooked in most public health obesity interventions.
Background:

Time Preference and Socioeconomic Status:
There have been a number of studies finding a positive relationship between future orientation and socio-economic status (Lamm et al. 1976; Fuchs 1982; Guthrie et al. 2009 ). Recent work by Golsteyn et al. (2014) used Swedish longitudinal data where time preference was measured through a questionnaire given to children aged 13 that asked to what extent respondents would prefer $138 USD (900 SEK) today to $1380 USD (9000 SEK) in five years' time. They explore how these time preferences responses are associated with educational choices, fertility choices, health, labour market outcomes, and lifetime income over five decades. Results show that higher time preference rates were associated with lower levels of labour supply and lower household income. Fuchs (2004) and Grossman (2006) suggest that educational attainment may be related to time preference and can possibly explain some of the returns to education in terms of higher wages and occupational attainment. A causal pathway between time preference and socio-economic status, measured as educational attainment, has not been established. Thus, it is not clear if more education would improve time preference rates and subsequently health outcomes. In this paper, we explore if there are differential slopes on being a saver by educational attainment level. This would provide evidence to support educational interventions to change individual's savings behaviour and subsequently health outcomes.
Time Preference and Body Fatness:
There is a growing body of work exploring the relationship between time preference and body fatness. Komlos et al. (2004) use longitudinal data from the US and international crosssectional data to explore if it is plausible to make a link between obesity and time preference.
They find that lower savings rates and greater debt are associated with a higher time preference rate. This may explain the rising obesity rates from the 1970s, as in the US debt has been rising and savings have been falling. Smith et al. (2005) explore the hypothesis that higher time preference rates are associated with a higher BMI using the National Longitudinal Study of Youth (NLSY). As a proxy for time preference they use data from 1989, when the average respondent was 28, asking if they had put more money in savings than they had withdrawn (saver), had withdrawn more than they saved (dissaved), or if their savings had remained constant over the previous year. They find that when aggregating across ethnicity, higher time preference rates are positively associated with BMI for men with this effect being less strong for women. If the results are disaggregated by ethnicity, a higher time preference rate is positively associated with BMI for black and Hispanic men and black women. Courtemanche et al. (2014) , also use the NLSY, but utilise different questions relating to time preference from the 2006 survey on intertemporal trade-offs to estimate a discount rate which is matched with price data from the Cost of Living Index. They find that time preference is positively associated with BMI, the likelihood of being overweight, and obesity. The effect is largest for white males.
The psychological literature has traditionally used the term 'time perspective' which is similar to time preference in that both relate to delayed gratification. However, time perspective takes a more holistic approach, including how individuals orientate themselves towards and think about the future (Adams and Nettle 2009 ). Adams and Nettle (2009) use data collected from a community internet message board in urban US (n=423). To proxy for time perspective, a delayed discount rate, Consideration of Future Consequences Scale (CFCS), Zimbardo Time Perspective Inventory, subjective probability of living until 75, and time period for financial planning were utilised. Results found that future oriented time perspective measured only using the CFCS was positively associated with a lower BMI. Griva et al. (2014) utilise a webbased questionnaire on Greek population (n=413) where time perspective is measured using a short version of the Zimbardo Time Perspective Inventory, which consists of 21 items measuring five dimensions (positive attitude towards the past, negative attitude towards the past, present hedonistic, present fatalistic, and future orientated) on a five point Likert Scale (Griva et al. 2013) . They found that being more present orientated was associated with a higher BMI. Whereas, Guthrie et al. (2013) use data from a cross-section of patrons to barber shops and hair salons in the Washington DC area (n=525) and three dimensions of the Zimbardo Time Perspective Inventory (present hedonistic, present fatalistic, and future orientated) and impute mean data for missing data on any dimension (n=63). Results show that time perspective was not significantly associated with obesity. These studies focus on different populations and use different proxies for time perspective which may partially explain the mixed results.
These findings suggest that time preference rates may be a contributing factor to obesity outcomes. What is unclear from these results is what pathways may explain this relationship.
Additional information on these pathways will help to design interventions aiming to modify the savings rate, our time preference proxy.
Weakness of BMI as a Measure of Body Fatness
Burkhauser and Cawley (2008) discuss the short comings of relying on BMI as a measure of body fatness as it does not distinguish body fat from fat free mass such as muscle and bone.
Thus, BMI can incorrectly classify some individuals such as athletes as overweight or obese.
Additionally, evidence from the medical literature suggests that the location of body fatness is important. Visceral body fat stored in the abdominal cavity around the internal organs is associated with elevated risk for obesity related health conditions (Montague and O'Rahilli 2000; Klein et al. 2007 ). PBF and, to a lesser extent, WC (Klein et al. 2007 ) capture this type of body fatness more accurately, which has a stronger association with obesity related health risks. Burkhauser and Cawley (2008) find that the relationship between employment and obesity is sensitive to how obesity is measured. It is possible that the relationship between time preference and body fatness may also be sensitive to the measure used. This would have implications on how evidence on this correlation can be used for policy-making and progressing this research area forward.
Because of the limitations of the secondary datasets used for analysis, all research on time preference and body fatness has relied on BMI. We will use a novel dataset, Understanding Society (US), which includes BMI but also other objective measures of body fatness such as WC and PBF via bioelectrical impedance which separates fat free mass from fat mass.
Therefore, we can compare our results, as well as results from the previous literature using BMI, to alternative measures of body fatness to determine if the same relationship with time preference holds. Objective measures of body fatness mean that we will not have self-reported bias. Helping to establish if there is a significant association between time preference and body fatness and will aid future analysis to establish a causal relationship. completed the survey (n=15,591). This study employs anonymised secondary data that does not require ethical approval for its use.
Dependent Variables:
This analysis will use as dependent variables three objective measures for body fatness taken from the health assessment sub-set questionnaire. These are: 1) BMI; 2) WC; and 3) PBF.
For all body fatness measures, individuals that were pregnant (n=144), physically (such as having a pace maker, a colostomy or ileostomy) or mentally unable to have measurements taken (n=77) were excluded from the analysis.
BMI was calculated using nurse measured height and weight. All measurements were taken without shoes or socks, with feet flat on the surface. Height was measured using a portable stadiometer, consisting of a footplate, measure rule and an adjustable head plate. A head alignment check was performed using a card in the Frankfort plane to increase the accuracy of the measurement. Weight was measured using a digital floor scale, the Tanita BF 522 scales to the nearest .1kg. The scales were not accurate for weight over 130kg so an estimated weight was used for these individuals (n=21). BMI was calculated as weight in kg divided by height in metres squared, using non-missing pairs of height and weight where no measurement problems were recorded and with weight substituted with the estimated weight for participants weighing 130kg or more.
PBF of individuals was estimated by bio-impedance analysis, using the Tanita BF 522 scales.
The body type for all participants was set to "Standard", as it required less training for the nurses taking the measurement and standardises all measurements.
WC was measured using a tape with an insertion buckle at one end. The location of the measurement was defined as the midpoint between the lower rib and the upper margin of the iliac crest. Measurements for each individual were taken twice and were recorded to the nearest millimetre. If the two waist measurements differed by more than 3 cm, a third measurement was taken.
More information on how the body fatness measures were taken can be found in McFall et al. PBF to be more strongly correlated with WC than BMI in men and PBF to be more strongly correlated with BMI than WC in women.
The distributions of BMI, PBF, and WC by gender are displayed in Figure 4 . All three body fatness measures are roughly normally distributed for both men and women. However, there are slight differences between men and women. The distributions for BMI in Figure 4A and WC in Figure 4C are slightly more skewed to the right for women than for men. The opposite can be observed for PBF in Figure 4B .
Key Explanatory Variables: Time Preference:
Time preferences cannot usually be directly observed in non-experimental studies. Thus, much of the empirical literature relies on proxies, usually related to financial savings behaviour (for example, Picone et al. 2004 , Khwaja et al. 2007 , Samwick 1998 ).
In the literature exploring the association between BMI and time preference a number of financial proxies have been used. Borghans and Golsteyn (2006) using Dutch Data from the DNB survey test the association of a number of proxies for time preference with BMI. They find a significant association between the ability to manage expenditures and BMI.
Specifically variables related to controlling expenditure and managing household finances have the strongest association. This association holds after controlling for education. Komlos et al. (2004) and Smith et al. (2005) use the savings rate as a proxy for time preference. Smith et al. (2005) hypothesise that those with a lower time preference rate are more likely to report savings than those with a higher time preference rate who are more likely to spend their income.
Following on from previous literature and partially as a matter of convenience given the data we have available, we utilise the savings rate as a proxy for time preference. Specifically, we utilise: Options available to respond were 'yes' or 'no'. This variable was used because it was asked to all respondents. Variables related to amount of savings on a monthly basis, if individuals saved regularly or occasionally, and if they saved for the short or long term were only asked to respondents that reported yes to saving any amount. Thus, these variables would not be informative for our analysis as they would only be reported for individuals that consider themselves to be savers.
In the raw data we find a negative and significant correlation between BMI and savings for men -0.04 (p=0.004) and women -0.07 (p=0.000). A negative and significant correlation is also found for WC and savings for men -0.04 (p=0.0001) and women -0.08 (p=0.000). There is also a negative and significant correlation between PBF and savings -0.03 (p=0.01) for men and women -0.04 (p=0.001). In the econometric model we explore this association further.
Socioeconomic Status:
Socio-economic status will be measured using income (equivalised household income and individual labour income), and education (university degree or postgraduate qualification, Alevel or equivalent (some higher education), GCSE or equivalent (high school diploma level), and no formal qualifications) (Rose and Harrison 2007) . Employment status is also included as a control variable in the analysis.
Additional Explanatory Variables:
Regional indicator variables are also included in all model specifications. Regional differences exist in both obesity and socio-economic status in the UK (Ellis and Fry 2010). We exclude Northern Ireland in the analysis to focus on mainland UK only.
The descriptive statistics for the sample are shown in Table 1 we found in our data, but our data also includes Scotland and Wales which may explain these differences. The mean PBF for men is 23.58% and the mean PBF for women is 36.29%. There is no other national level data to compare PBF with.
Approximately 45% of men and 42% of women report having savings. The mean age of the sample is 51 for men and 50 for women. Just over half the sample is employed.
Econometric Framework:
Using Ordinary Least Squares Regression, we start with a basic model of our three body fatness outcomes as a function of age, region, and our time preference proxy, savings. The next step is to add in other variables in the model which can be considered decision variables. This will show the partial effect of our time preference proxy after controlling for other variables that may also be proxies for time preference, such as educational attainment, or be correlated with our time preference proxy such as household income, employment status, marital status, and number of dependent children under the age of 16. This will allow us to determine if being a saver is still significantly associated with body fatness. If this is the case, we can argue that being a saver is a valid proxy.
To explore potential avenues for developing interventions to reduce obesity rates, we estimate models with interaction terms for educational attainment and savings. All models are estimated separately with an interaction term for savings and each educational attainment level. If the slope of the savings variable is significantly different by level of educational attainment this may provide support for developing educational interventions to alter individual saving behaviour and, subsequently, their health outcomes.
Results:
Base Model:
The results from the base model are presented in Table 2 . All measures of body fatness for both men and women are significantly and negatively associated with being a saver. The magnitude of the savings coefficients are larger for women than men. Pooled models are estimated to determine if the savings coefficient is significantly different between men and women. Wald tests show that the savings coefficients for all three measures of body fatness are significantly different between men and women. Female savers are likely to have a BMI that is approximately 1kg/m 2 lower than a non-saver, a WC that is 3cm lower than a non-saver and a PBF approximately 1% lower than a non-saver. As can be seen in Figure 1 For men, our results for objectively measured BMI (-0.560) are similar to those found in the literature using self-reported BMI. Smith et al. (2005) found a significant and positive relationship of (0.594) for men who spent more than they saved and (0.529) for men whose spending equalled their savings with BMI. However, for women, the results are different to those of Smith et al. (2005) . They found that the relationship between spending over one's earnings and BMI was insignificant (0.461). It is possible that there are cross-country differences in the relationship between the savings rate and body fatness for women.
Additionally, the use of objective measures may be more important for accurately assessing the relationship between savings and body fatness if reporting bias between savings and BMI are correlated for women biasing the coefficients.
The other coefficients in the model have the expected signs. There is a concave relationship between age and the three body fatness measures which is consistent with other studies ( 
Partial Effects:
The results from the models including variables on individual decisions that may also proxy for time preference can be found in Table 3 . As expected, the magnitude of the savings coefficients is smaller than in Table 2 . The decrease in the savings coefficient was 26% for BMI, 30% for WC, and 36% for PBF for men. For women, the percent decrease was 40% for both BMI and WC, and 35% for PBF. The relationship is still highly significant suggesting that savings may be an adequate proxy after controlling for education, income, and marital status which are likely to be correlated with our proxy for time preference. Consistent with the literature (see, for example, Hermann et al. 2011) , being educated to the degree level is significantly and negatively associated with all three measures of body fatness when compared to individuals with no qualifications for both sexes. For women, being educated to any level (GCSE, A-level and degree level) is statistically significantly associated with at least two body fatness measures, the only statistically significant association between education and body fatness for men can be observed at degree level. Moreover, for men, a positive but insignificant association is found between being educated at GCSE level and BMI and WC. This is surprising and suggests a stronger negative association between education and body fatness for women compared to men. For women only, compared to non-participating in the labour market, being both employed and unemployed was significantly associated with a lower BMI.
For employed women, a negative and significant association was also found for WC compared to those that were not in the labour market. For women only, increasing household income was negatively and significantly associated with all three body fatness measures. These results are consistent with the relationship between obesity and socioeconomic status being stronger for women than for men (Public Health England 2013).
Interaction Effects:
The results from the interaction effects of education and savings are found in Table 4 . First looking at the top half of the table for men, we can see across the different model specifications, that there is a negative and significant association between being educated to the degree level and the three measures of body fatness. This is consistent with the results in Table 3 . With the exception of column (7) and column (8), there is a significant negative association between being a saver and body fatness. A significant interaction term is only found for being educated to the GCSE level and savings. For those educated to the GCSE level, savers compared to nonsavers have on average a higher PBF. For women, in the lower half of Table 4 , we find significant and negative associations for both being educated to the degree level, or higher, and being a saver across all model specifications. In columns (1) and (3) and across all WC models, a negative and significant association is found with being educated to the degree level.
Additionally, for women, a negative and significant association between being educated to the GCSE level and BMI and WC is found in columns (1), (2), (4) and (5). A marginally positive interaction effect between degree level education and being a saver on WC is found in column (4). A negative and significant coefficient is found on the interaction term for being educated to A-level and being a saver for both BMI and WC. These results imply that encouraging women to reach higher education levels as well as participating in other more specific financial education interventions targeted to this particular group might contribute to reduce female obesity.
Discussion and Conclusion:
This paper examined the correlation between time preference, measured by being a saver, and three objective measures of body fatness: BMI, WC, and PBF. Overall, we find a consistent negative and significant relationship between being a saver, compared to not saving, and the three measures of body fatness. The coefficient size is statistically significantly different for women when comparing PBF and WC and WC and BMI, and for men when comparing WC and BMI. The largest coefficient size for both genders is found for the association between WC and savings. Interventions targeting savings behaviour may have a larger impact on WC. The medical literature (Montague and O'Rahilli 2000 , Klein et al. 2007 , Ashwell et al. 2012 ) finds that visceral body fatness has a stronger association with obesity related morbidity; this implies that previous studies which have focused on the relationship between self-reported BMI and savings may have underestimated this relationship. Our results using objectively measured BMI for men are largely consistent with the literature that uses self-reported measures (Smith et al. 2005 , Adams and Nettle 2009 , Courtemanche et al. 2014 . A higher BMI is associated with being more present orientated. However, our results for women contradict what has been found in other studies (Smith et al. 2005 , Courtemanche et al. 2014 ). We find a stronger association for women than men across all three objectively measured body fatness indicators.
Previous work for women, using self-reported measures of BMI underestimated the importance of the relationship between savings and BMI. This has implications for the development of future interventions and policy.
The second aim of this paper is to explore potential avenues which could be used to develop innovative obesity interventions. Specifically, we look at if there are differential effects by educational attainment on the relationship between being a saver and the three measures of body fatness. The financial capability literature suggests that both additional years of schooling as well as financial education are effective ways of improving the savings rates of the population (Lusardi and Mitchell 2014) . Differential effects by educational level suggest that education interventions could influence savings behaviour and subsequently body fatness. We find that this type of interventions may be more effective for women with moderate levels of educational attainment. A consistent effect is not found across the three body fatness measures.
Thus, policy makers should be clear on what body fatness measure they want to focus on, what the health benefits may be, and how this may differ if at all from using another measure of body fatness.
A limitation to this study is that we only have one proxy for time preference. Borghans and Golsteyn (2006) show that not all time preference proxies are correlated with BMI. Additional proxies would have enabled a more robust study. We also use cross-sectional data so we cannot explore if this relationship holds over time. Because of the relevance of these findings to inform public health policy, future research should explore if future orientated individuals are more likely to lose weight and keep off this weight.
This study can contribute to the design of public health policies in two major ways. First, this research highlights the importance of how body fatness is measured and that using objective measures makes a difference, which is crucial to inform policy design. Secondly, our findings suggest that an association exists between savings and better weight management, particularly for women. Socioeconomic factors are also only significant for women and may help to explain persistent health inequalities. Recent educational interventions such as the introduction of financial literacy in the National Curriculum in the UK might not only be effective in increasing savings and gradually raising subsequent asset accumulation in adulthood (Bernheim et al. 2001 ), but also in reducing obesity levels and longer-term inequalities. At the same time, because women generally experience larger gaps in their financial knowledge compared to men , tailoring financial education programmes for women with moderate levels of education might not only improve their likelihood of savings (Lusardi and Mitchell 2014 ) but also obesity rates.
Our results support the idea that there is a need for more holistic and indirect public health initiatives that attempt to 'influence behaviour', whilst accounting for people's social environments, if health inequalities are to be successfully tackled. A negative and significant interactive effect for women with lower education levels suggests that education policy particularly targeted at women on the lower end of the socioeconomic spectrum, may be effective at reducing health inequalities.
The relationship between time preferences and health outcomes needs to be better understood to reduce health inequalities. Time preferences might be acting as a potential underlying mechanism and awareness of this is key for policy design and implementation. 
